Background-Recent data have suggested possible oncologic equivalence of sublobar resection with lobectomy for early-stage non-small-cell lung cancer (NSCLC). Our aim was to evaluate and compare short-term and long-term survival for these surgical approaches.
Conclusion-In this large national-level, clinically diverse sample of clinical T1A NSCLC patients, wedge and segmental resections were shown to have significantly worse OS compared with lobectomy. Further patients undergoing sublobar resection were more likely to have inadequate lymphadenectomy and positive margins. Ongoing prospective study taking into account LN upstaging and margin status is still needed.
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Non-small-cell lung cancer; Lobectomy; Wedge resection; Segmentectomy; National Cancer Data Base Anatomic surgical resection with a lobectomy and mediastinal lymph node (LN) staging is currently the standard therapy with curative intent for clinical stage IA non-small-cell lung cancer (NSCLC). 1, 2 However, preexisting cardiopulmonary disease may make the perceived morbidity and mortality associated with lobectomy prohibitive. In addition, lobectomy leads to significant loss of normal lung parenchyma. Sublobar pulmonary resections, such as wedge resection and anatomical segmentectomy, have lower perioperative morbidity, preserve more pulmonary function, and in many cases allow for greater applicability of minimally invasive techniques. In fact, data from the Surveillance, Epidemiology and End Results (SEER) database indicate that as many as 31% of patients with localized NSCLC do not undergo lobectomy. 3 Several nonrandomized retrospective case series and database analyses have been published comparing lobar and sublobar resections with mixed results, particularly in regards to tumors smaller than 2 cm. [4] [5] [6] [7] [8] [9] [10] [11] [12] As a result, there is ongoing debate in regards to the optimal extent of surgical resection for early-stage lung cancer. Our aim was to examine overall survival (OS) and 30-day survival among patients undergoing lobectomy, segmentectomy, and wedge resection for stage 1 NSCLC 2 cm or smaller, through an analysis of the National Cancer Data Base (NCDB). We hypothesized that patients undergoing lobectomy would have worse operative mortality, and therefore worse 30-day mortality, but better OS.
PATIENT AND METHODS
We performed a retrospective cohort study using the NCDB to compare operative outcomes including mortality and long-term survival among patients who underwent lobectomy, segmentectomy, and wedge resection for clinical stage IA NSCLC. The NCDB is a joint endeavor of the Commission on Cancer (CoC) of the American College of Surgeons and the American Cancer Society. It includes registry-level clinical and demographic detail on patients treated at approximately 1500 CoC-approved hospitals across the country. Cases were identified using the NSCLC Participant Use Data file from the NCDB, which contain deidentified patient level data that do not identify hospitals, health care providers, or patients. Institutional review board approval was waived by the Emory University institutional review board. point were excluded. All analyses of OS were limited to patients treated between 2003 and 2006, as long-term survival data are not yet available in the NCDB for cases after 2006. In addition, the following exclusions were made: cases where the diagnosis was at the reporting facility and all treatment was done elsewhere, cancer in situ, palliative care cases, unknown laterality, patients receiving neoadjuvant radiation and those missing 30-day mortality or other secondary outcomes. Only cases with one lifetime cancer or cases where the reported tumor was the first of multiple cancer diagnoses were included to avoid confounding with a prior cancer treatment or diagnosis. The patient selection/exclusion criteria and sample sizes are shown in Supplementary Table 1 (Supplemental Digital Content 1, http:// links.lww.com/JTO/A887).
The primary outcome measures were OS, defined as the number of months between surgical resection and the last contact or date of death, and 30-day mortality, defined as death within 30 days of surgery. Secondary outcome measures included surgical margin status, number of regional LN examined (0-3 vs. >3), and regional LN positivity. The following patient demographics, clinical characteristics, and treatment characteristics were included as covariates in the analysis: facility type, sex, race, insurance, income, education, urban/rural, Charlson/Deyo comorbidity score, year of diagnosis, primary site, histology, grade, age, and tumor size. Both income and education were measured as the median household income and percentile of not graduating from high school at the residence area of the patients when diagnosed by matching the zip code and 2000 US Census data. The facility type was determined by the CoC based on services provided and the number of cases. 13 Community cancer programs treat between 100 and 500 cancer cases per year, comprehensive community cancer programs treat more than 500 cancer cases, and academic/research programs (including National Cancer Institute designated cancer centers) treat more than 500 cancer cases in addition to providing postgraduate medical education.
Statistical analysis was conducted using SAS Version 9.3 (Cary, NC), and SAS macros and software developed by the Biostatistics and Bioinformatics Shared Resource at Winship Cancer Insititute. 14 Descriptive statistics were presented as frequencies with percentages or as means with standard deviations for categorical or numerical variables, respectively. The univariate association of each covariate with extent of surgical resection and 30-day mortality were assessed using the χ 2 test for categorical covariates and analysis of variance for numerical covariates. A multivariable logistic regression model for 30-day mortality was fit. The univariate and multivariable association with OS was estimated using Cox proportional hazards models. A backward variable selection method was used in multivariable models to select covariates, applying an α value equal to 0.20 removal criteria. To explore whether the impact of extent of lung resection on OS differed by treatment facility types, tumor size (≤1 vs. 1-2 cm), number of regional LNs examined (≤7 vs. >7), and surgical margin status, an interaction between the stratus variable and extent of surgical resection was introduced into the multivariable model. Kaplan-Meier curves were generated to provide survival estimates for OS. All analyses of OS, as mentioned earlier, were done only on patients diagnosed between 2003 and 2006. All statistical tests were two-sided and used an α value equal to 0.05 level of significance.
A propensity score matching method was also implemented to further eliminate treatment selection bias in the study sample. A nominal logistic regression model predicting extent of surgical resection was used to calculate propensity scores including all covariates. Cases from the three surgical resection groups were matched to each other based on the propensity scores using a nearest neighbor with caliper algorithm. 15 The effectiveness of the matching was evaluated by calculating the pair wise standardized differences of the covariates on the matched sample. 16 A standardized difference of less than 0.1 denoted negligible imbalance and was used to choose the caliper for matching. The treatment effects were recalculated in the matched sample with appropriate methods to account for the matched nature of data, such as stratified logistic or Cox regression. 17 After matching, the baseline covariates, including facility type, sex, race, insurance, income, education, urban/rural, Charlson/Deyo comorbidity score, year of diagnosis, primary site, histology, grade, age, and tumor size, were balanced among the three cohorts.
RESULTS
Twenty-eight thousand two hundred and forty-one patients in the NCDB were identified who underwent surgical resection for stage IA NSCLC and met inclusion criteria. Nineteen thousand seven hundred and eighteen patients underwent lobectomy, 7297 underwent wedge resection, and 1226 underwent segmental resection. Clinical details of the patients at the time of resection are shown in Table 1 . When comparing the three cohorts, we identified several differences in baseline patient characteristics. Patients undergoing sub-lobar resection (wedge resection or segmentectomy) were on average 3 years older and have higher Charlson comorbidity scores. In addition, there was a higher incidence of patients with government, and no insurance in those undergoing sub-lobar resection. There were slight differences between the groups in regards to gender, race, treatment facility, income, tumor grade, histology, and primary site of tumor as shown in Table 1 . No difference was identified in education levels. Further analysis of these socioeconomic differences has previously been reported. 18 In addition, wedge resection and segmentectomy were associated with several secondary outcome measures. Compared with lobectomy, wedge resection was associated with a 2.6% higher incidence of positive surgical margins, a 55% higher incidence of having three or less LN examined, and as a result, a 5% lower incidence of nodal upstaging. Segmentectomy was associated with a similar rate of positive margins when compared with lobectomy but was associated with a 33% higher incidence of having three or less LN examined and a 4% lower incidence of nodal upstaging.
The primary goals of this database analysis were the comparison of 30-day mortality and OS between patients undergoing lobectomy and sublobar resection. Overall, 30-day mortality was quite low at 1.60% for lobectomy, 1.51% for wedge resection, and 1.55% for segmental resection (p = 0.868, Table 1 ). However, on multivariate analysis, the odds of mortality was slightly lower after wedge resection compared with lobectomy ( Table 2, Table 2 . Male sex, older patient age, lower income, treatment at a noncomprehensive community cancer program, Charlson/Deyo comorbidity score of 2 or higher, older year of diagnosis, and squamous and adenosquamous cell histologies were all associated with higher 30-day mortality.
Unadjusted Kaplan-Meier survival curves comparing extent of surgical resection demonstrated significantly improved OS with lobectomy (p < 0.0001, Fig. 1A ). Median OS for lobectomy, segmentectomy, and wedge resection were 99.5 (95% CI, 96.8-105), 74 (95% CI, 65.7-87.4), and 67.9 (95% CI, 63.6-71.3) months, respectively. After controlling for confounding factors, Cox proportional hazard model (Table 3) showed lobectomy was associated with significantly improved OS compared with both wedge resection (hazard ratio [HR] = 1.54, 95% CI, 1.42-1.67, p < 0.001) and segmentectomy (HR = 1.33, 95% CI, 1.11-1.60, p = 0.002). Other predictors of worse OS included treatment at a noncomprehensive community cancer program, male sex, older age, government insurance, lower income, higher Charlson/Deyo comorbidity score, advanced tumor grade, and larger tumor size.
The interaction between extent of resection with tumor size, treatment facility type, number of LN evaluated, and surgical margin status was then further evaluated ( Supplementary Figs. 2 and 3 , Supplemental Digital Content 2, http:// links.lww.com/JTO/A888). For each subgroup, the HR for long-term survival remained worse after wedge or segmental resection. Although the HR for long-term survival was worse after segmental resection for tumors smaller than 1 cm (1.24), this result was not statistically significant (p = 0.414). Given then relatively low sample size of segmentectomies in this cohort (n = 51), it is difficult to draw further conclusions. Furthermore, when comparing stratification levels for these two subgroup analyses, no significant interaction was identified, as evidenced by type 3 p values of 0.203 for tumor size and 0.655 for number of regional LN examined. Furthermore, the interaction of extent of resection with number of LN examined was tested at 3, 5, and 7 LN, with the inferiority of wedge and segmental resections persisting at all levels. In regards to treatment facility type, OS after wedge resection continued to be inferior to lobectomy regardless of treatment facility type. This was confirmed on Kaplan-Meier analysis ( Supplementary Fig. 1 , Supplemental Digital Content 2, http://links.lww.com/JTO/A888). Similarly, segmentectomy remained inferior to lobectomy at noncom-prehensive community programs and academic facilities, as well. However, no difference was identified between segmental resection and lobectomy at comprehensive community programs. Finally, no interaction was identified between extent of resection and surgical margin status. In patients with negative surgical margins, OS remained worse after segmentectomy and wedge resection. A difference was not identified in patients with positive margins; however, the sample size in these subgroups was too small to draw reliable conclusions.
To further compare segmentectomy and lobectomy controlling for both surgical margins and adequate lymphadenectomy, we performed a multivariable analysis including only patients with negative margins and more than or equal tofive and seven LNs. After controlling for these factors, we did not identify a difference in OS in patients with negative margins and more than or equal to five LNs examined when comparing segmentectomy (n = 81) with lobectomy (n = 2888) (HR, 1.20; 95% CI, 0.86-1.67; p = 0.277). Similarly, we did not identify a difference when only including patients with more than or equal to seven LNs examined (HR = 1.48, 95% CI: 0.98-2.23, p = 0.063; segmentectomy n = 44, lobectomy n = 2181). The relatively low number of patients undergoing segmentectomy in this subgroup analysis should be noted.
Finally, to better control for baseline differences between the two cohorts, a propensity score matching method was implemented with results shown in Table 5 . A total of 987 patients were matched in each treatment group and were similar in regards to all covariates (standardized difference < 0.1). After matching, there was no difference in 30-day mortality. However, both wedge resection and segmental resection were associated with significantly worse OS, lower likelihood of having more than three LN examined, and as a result significantly lower rate of nodal upstaging. Wedge resection was associated with significantly higher rates of positive surgical margins. Lastly, Kaplan-Meier survival curves in the propensity score matched groups are shown in Figure 1B and confirmed significantly improved long-term survival with lobectomy.
DISCUSSION
An anatomical lobectomy with mediastinal LN staging is the current standard surgical therapy for early-stage lung cancer. This is based on the randomized trial conducted by the Lung Cancer Study Group (LCSG). 2 However, sublobar resections do offer several potential advantages: preservation of pulmonary function, greater application of minimally invasive surgical techniques, and increased likelihood of curative surgery in the event of a second primary lung cancer. Concerns of long-term oncologic efficacy raised by the LCSG have relegated the utilization of sublobar resection to patients with limited cardiopulmonary reserve. Similar to the results of the LCSG, results of our analysis of the NCDB found significantly worse survival after sublobar resections. Furthermore, propensity score matching was used to account for differences in baseline patient characteristics among the three surgical therapies. Results of this analysis showed no difference in 30-day mortality, with significantly worse OS, lower likelihood of having adequate numbers of LN examined, and lower nodal upstaging rates after both wedge and segmental resections. Furthermore, wedge resection was associated with significantly increased likelihood of having positive surgical margins. However, when comparing only patients with both negative margins and adequate numbers of LNs examined, no difference was identified in OS between segmentectomy and lobectomy. This finding may represent equivalency between segmentectomy and lobectomy in this highly selected subgroup of patients or may be because of underpowering of this subgroup analysis.
To date, the LCSG trial is the only published prospective randomized comparison of lobectomy and sublobar resection, including 267 patients with T1N0 (<3 cm; stage IA) lung cancers. 2 Findings of this study demonstrated an increase in local recurrence rates (17.2% vs. 6.4%) with sublobar resections and a trend toward worse OS. However, more contemporary studies have questioned these results. Several single institution series have consistently demonstrated lower morbidity and mortality rates and preserved pulmonary function for sublobar resections compared with lobectomy. [4] [5] [6] [7] [8] [9] In addition, several analyses of survival data from the SEER Program have been reported. [9] [10] [11] [12] A large observational comparison from a clinical registry such as the NCDB or SEER, while subject to treatment selection bias, can supplement randomized trials with greater numbers, greater generalizability, and more contemporary data that can be regularly updated. Analysis of SEER data, by Wisnivesky et al., 9 looked at 1165 patients with tumors less than or equal to 2 cm with propensity score adjustments and found equivalent OS and diseasefree survival between lobectomy and sublobar resection. Similarly, Kates et al. 10 examined SEER data in patients with tumors less than or equal to 1 cm between 1988 and 2005, 688 with sublobar resection and 1402 with lobectomy. After propensity score matching, they also found no difference in OS or lung cancer-specific survival. However, Whitson et al. 12 examined SEER data in stage I patients with only squamous cell and adenocarcinomas of all sizes, undergoing lobectomy (13,892 patients) or segmentectomy (581 patients) between 1998 and 2007. They found significantly better OS after lobectomy, even after stratifying by tumor size.
The underlying reason for the conflicting results of our analysis and previous studies is difficult to determine. Our large sample size may allow for better identification of survival differences. Furthermore, our study used propensity matching to account for identified differences in patient and tumor characteristics. In addition, in our analysis, patients undergoing limited resection were significantly more likely to have a positive margin or inadequate lymphadenectomy, which could be contributing to worse OS. Finally, the large size and nationwide distribution of the NCDB reflects care given to nearly 70% of newly diagnosed cancer patients annually. As a result, this analysis may be more reflective of the general care of patients with early-stage NSCLC in the United States.
Furthermore, although several previous single institution series have suggested equivalent survival for sublobar resection for smaller tumors or with adequate lymphadenectomy, our results did not support this conclusion. Subgroup analysis in this study confirmed improved survival after lobectomy when compared with both sublobar approaches for tumors 1 to 2 cm. For tumors 1 cm or smaller, lobectomy was superior to wedge resection. Regardless, no significant interaction was identified between tumor size and extent of resection when evaluating the end point of OS. Similarly, survival after lobectomy was better than sublobar approaches regardless of the number of LN evaluated. In other words, patients treated with wedge resection and adequate mediastinal LN evaluation still fared worse than those who underwent lobectomy. Finally, as the majority of these single institution series were performed at academic facilities, we performed a subgroup analysis of OS stratified by treatment facility. With the exception of segmentectomy performed at comprehensive community cancer programs, survival after lobectomy remained superior regardless of academic or community treatment facility.
The major limitation of this analysis is its retrospective observational nature, which subjects it to possible unmeasured confounding. However, with the inclusion of 15 variables and nearly 2500 patients in each cohort, this study represents a well-balanced analysis of these three treatment methods. In addition, we are limited to patients treated in 2006 and earlier as long-term survival data is not available in the NCDB beyond that date. Given the wider adoption of positron emission tomography-computed tomography scanning and minimally invasive thoracoscopic techniques, results may be slightly different in a more contemporary cohort. Furthermore, data regarding ground glass opacities and sub-solid nodules representing minimally invasive adenocarcinomas are unavailable in the NCDB. As a result, the distribution of these patients within the study cohort is unknown and could not be accounted for. It is possible that if there is a higher proportion of patients with ground glass opacities in one of the cohorts, this may have confounded the results.
Finally, no data are available on pulmonary function, preoperative functional status, or specific comorbidities in the NCDB other than the Charlson/Deyo comorbidity index. As a higher Charlson/Deyo comorbidity score cannot differentiate between the 10 included medical comoribidities, it is impossible to completely control for medical comorbidities/ confounders. As a result, despite careful propensity matching, there is still the potential for selection bias between the cohorts as patients with worse pulmonary function testing or fraility are more likely to undergoing a wedge or segmental resection. Ultimately, a prospective, randomized study will be needed to determine the optimal surgical strategy. Based on these previous studies, the National Cancer Institute has sponsored Cancer and Leukemia Group B 140503, a phase III randomized trial comparing outcomes between lobectomy and sublobar resection for lung cancers smaller than 2 cm.
In summary, this analysis of the NCDB showed improved OS after lobectomy in comparison with both wedge resection and segmentectomy for patients with clinical T1A N0 NSCLC, regardless of treatment facility type, extent of resection, or tumor size (after wedge resection). Furthermore, patients undergoing wedge resection were more likely to have inadequate LN evaluation and to have positive margins. These results confirm that anatomical lobectomy should remain the standard of care treatment for stage IA NSCLC at this point. However, if margin status and LN evaluation are controlled, segmentectomy may be equivalent to lobectomy. Given the limitations of a retrospective database analysis, further prospective study is still needed to ultimately determine the optimal extent of surgery for early-stage lung cancer.
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